ABSTRACT. The hydrologic regime of lakes in the Mackenzie Delta is controlled primarily by lake sill elevations and water levels in the Mackenzie River distributary channels. The resulting variations in lake regime have important effects on the water, sediment, and nutrient balance of delta lakes, and therefore on the biologic regime of each lake.
INTRODUCTION
An important feature of the Mackenzie Delta is the large number of freshwater lakes, which cover up to 50% of the deltaic plain. Mackay (1963) first described the influx of Mackenzie River water to these lakes (called "flooding" in the remainder of this paper) and provided a simple lake classification system based on the lake flooding regime. In this system the frequency and duration of flooding varied with lake elevation, with the lower elevation lakes flooded annually and for relatively long durations, while lakes perched at a higher elevation were flooded infrequently and for relatively shorter durations. Recent studies (Gill, 1971; Cordes and McLennan, 1984; Hirst et al., 1987; Bigras, 1987) have used Mackay's classification system with only minor changes and have also documented the following aspects of lake flooding. Lake flooding is initiated in early May, when Mackenzie River water levels increase dramatically ( Fig. 1 ) due to snow 'NHRI Contribution No. 88008 melt in the southern portions of the Mackenzie basin and from ice jams in the main channels of the Mackenzie Delta. Flooding of many lakes ceases as water levels decline from the spring peak, but some lakes may be again flooded during rain-induced peaks in the summer period (Fig. 1) . Marsh (1986a,b) has demonstrated that this spring and summer flooding by the Mackenzie River dominates the water balance of delta lakes.
In spite of the utility of Mackay's classification scheme, previous studies have not quantified the hydrologic regime of each lake type, determined the range of sill elevations for each lake type, or provided the percentage of lakes that fall into each class. This information is essential in order to utilize Mackay's classification system and to improve our understanding of the hydrologic regime of delta lakes. In addition, since the hydrologic regime of lakes in the Mackenzie Delta plays a significant role in controlling the productivity of the 'National Hydrology Research Institute, Environment Canada, 11 Innovation Blvd., Saskatoon, Saskatchewan, Canada S7N 3H5 @The Arctic Institute of North America delta ecosystem (Gill, 1971; Peterson et al., 1981; Pearce, 1986) , the quantification of this lake classification system is important in order to understand the current biological characteristics of the delta. In light of the lack of information concerning the flooding of delta lakes, it is the purpose of this paper to analyze the flooding regime of a large number of lakes in the east-central portion of the Mackenzie Delta and to quantify a simple lake classification system that has been used in previous studies. Due to the limitations of the data set, this classification is only directly applicable to the lakes in the study area near Inuvik, N.W.T., Canada. However, the general principles may be applied elsewhere in the Mackenzie Delta.
STUDY AREA AND DATA SOURCES
This study was carried out in an area extending approximately 10 km southwest of Inuvik, N.W.T. (Fig. 2) . A total of 132 lakes were studied within this region. The area was chosen because East Channel at Inuvik (Fig. 2) is the only gauging station within the delta with more than 10 years of record (Environment Canada, 1987) , and in addition East Channel is a major distributary channel of the Mackenzie River, controlling the water levels both within the study area and in a larger portion of the eastern section of the delta. However, since main channel water level regimes vary significantly over the north-south and east-west extent of the delta due to changes in levee heights, ice jamming, and inflow to the delta, the data from Inuvik cannot be applied directly to other areas in the delta.
In terms of the quality of the data, the water level record for East Channel at Inuvik can be broken into two periods. In 1954 and from 1964 to 1973, only instantaneous water levels during the spring flood period were recorded (Brown, 1957 In addition to the data for East Channel, lake levels for South, Skidoo, and NRC lakes (Fig. 2) are available for 1983 to 1986. These lakes, which are approximately 8 km southwest of Inuvik, allow a comparison of lake and channel levels.
All water levels reported in this paper are referenced to a bench mark (IWD8) established on East Channel by McElhanney (1983). This bench mark, surveyed using Doppler and inertial techniques, is referenced to mean sea level and has a reported accuracy of 10.53 m at the 95% confidence level (McElhanney, 1983) .
LAKE FLOODING
The flooding of lakes in the Mackenzie Delta is controlled by four basic factors. The first is the water level regime of the delta distributary channels (for example, East Channel and Big Lake Channel in the study area). The second is the nature of the connecting channel/lake system, where the connecting channel joins the lake to a distributary channel. There are two basic types of connecting channel/lake systems. The first has a single channel, which provides both inflow and outflow to the lake system. Both Skidoo and NRC lakes are of this type (Fig. 2) . Note that depending on the lake elevation, the connecting channel may be dry for much of the year. The other type of channel/lake system is termed "multiple channel" or "through-flow." This type of system has two or more connecting channels, and flow is predominantly into one end of the system and out the other, although flow direction through the system may vary during the year. Skidoo Lake is part of such a multi-channel system (Fig. 2) . The third factor is the distance of the lake from a distributary channel. However, since all lakes in the study area are within a few kilometres of a distributary channel (Fig. 2) , and given the low water slopes and slow rate of change of water levels, the distance from a main channel is not important in controlling lake flooding. Therefore, this factor will not be considered in the remainder of the paper. The fourth factor controlling lake flooding is the elevation of the lake relative to the distributary channels. In this paper the term "sill elevation'' will be used, defined as the highest elevation along the connecting channel thalweg between the lake and distributary channel. Because of increased sedimentation where the connecting channel enters a lake, the sill is normally located at the lake entrance.
An important observation is that when distributary channel water levels are above the lake sill, the channel and lake levels are similar (Fig. 3) . As a result, it is possible to use distributary channel water levels to estimate the water level regime of the study lakes. 
METHODOLOGY

Luke Sill Elevations
Previous work at Skidoo, South and NRC lakes demonstrated that during the spring melt period, water first floods into these lakes when East Channel water level rises above the lake sill elevation. This suggested that lake sill levels could be estimated from measurements of main channel water levels and aerial observations of the approximate time at which a lake was first flooded. This aerial survey method is the only practical technique for estimating the sill elevation of a large number of lakes, because the heavy underbrush in the study area makes ground surveying difficult.
This aerial survey method produces satisfactory results for the following reasons. First, since the water slope in the channels of the study area are small (typically O.ooOo2 to 0.00004; Marsh, 1986a) , and the channel lengths short, the water lev-HYDROLOGIC REGIME OF MACKENZlE DELTA LAKES / 43 el in the main channels is a good estimate of water levels throughout the study area (Fig. 3) . Second, since the sedimentladen Mackenzie River water is easily distinguished from local snow-melt water, it is possible to determine from aerial observations whether a lake has been flooded.
During a 20-day period covering late May to early June 1986, the sill elevations of 132 lakes in the study area (Fig.  2) were determined using the above-described aerial survey method. Since East Channel water levels rose slowly (0.25 meday") and steadily over this period, observations of lake flooding were conducted every two days. Using this information, the lakes were divided into 0.5 m elevation classes.
The sill levels estimated from the aerial survey were then checked by ground surveying 14 lakes. These data show that sill elevations determined from the aerial observations are within & O S m of the ground survey measurements. Although this error is quite large, it is acceptable for the present study.
Water Levels
The usefulness of analyzing extreme discharge events in relation to critical discharge levels (truncation levels) has been demonstrated previously (Todorovic, 1978) . Using this technique, flooding statistics such as timing, duration, and magnitude are determined only for discharge above specific truncations. The use of truncation levels is not limited to analysis of discharge events, but may also be used to analyze water levels and therefore the periodic inundation of floodplain lakes, delta lakes, or marshes. This provides essential information in studying the resulting water, sediment, chemical, and nutrient budgets of these features.
In this paper, Mackenzie River East Channel water levels are analyzed in relation to truncation levels, in order to describe the hydrologic regime of Mackenzie Delta lakes. Selected truncation levels will be used to represent lake sill elevations. For example, the flooding history of a lake with a sill elevation of 4 m as1 can be determined by analyzing main channel water levels using a truncation level of 4 m asl. This will provide information on flow variables only when the river level is above the lake sill elevation -i.e., the only time when the lake will be influenced by channel levels. The use of truncation levels in this study is illustrated in Figure 1 .
Water levels were analyzed over the period 1 May to 30 September (labelled "study period" on Figure 1 ) when the delta is most active hydrologically. This period encompasses the initial rise of water level and flooding of delta lakes, the spring peak, and the summer period, with fluctuating water levels. Only the winter period is not included. However, during much of the winter the lake-connecting channels are filled with ice and snow, preventing the movement of water between the main channels and most of the delta lakes.
The study period (1 May to 30 September) may be broken into two intervals, with the water levels during each dominated by different processes. The spring break-up period is dominated by snow-melt run-off and ice jamming, while the summer period is controlled mainly by rainfall run-off. The spring period was defined as beginning on 1 May, while the summer period was defined as starting when water levels increased for the first time after the rapid recession from the spring peak. The initiation of the summer period therefore varies from year to year. Due to variations in the availability of data, spring water levels were analyzed for the full 25 years of record, while for the summer period only 12 years of record were available.
Water levels during the 1 May to 30 September period were analyzed for: (1) the time at which water levels rose above given truncation levels during the rapid spring rise in water level; (2) the peak spring and summer levels; (3) the number of times and the duration that water levels were above given truncations, where the duration was analyzed for the first event of the year, for all subsequent events combined, and for all events combined. In general, the first event corresponds to the spring high-water period. Subsequent events occur during the summer low-water period, when water levels have fallen below a given truncation level and then rise above it later in the year. However, for low sill levels, the first event of the year extends well into the summer low-water period (Fig. 1) ; (4) the number of inflows to a lake, where an inflow occurs whenever the main channel water level is above the lake sill and the channel level is rising. Under this condition, channel discharge is into the lake. An inflow was recorded as such, regardless of the amount of reversal in water level or in the duration of the inflow before the next downtrend (outflow). This definition of an inflow event only applies to simple lake systems with a single connecting channel. Of the study lakes, South and NRC are of this type; and ( 5 ) the summer minimum water level. In each case the data were analyzed for the mean, standard deviation, and minimum and maximum values.
The probabilities of extreme high-and low-water level events were determined using the annual series. This series often has been modelled with the Gumbel distribution (Yevjevich, 1972; Haan, 1977) , which provides a suitable fit to the observed data when annual floods are produced by a single hydrologic process (Woo and Waylen, 1984) . The Gumbel distribution is used here to represent the peak level of the annual spring flood, the peak level occurring during the summer period, and the summer extreme low level. The cumulative form of the Gumbel for extreme maximum levels is given by
is the probability that the extreme maximum water level (L') is greater than or equal to the truncation level (L,), (Y = d1.283, , f 3 = p-0.4% (Haan, 1977) , and p and u are respectively the mean and standard deviation of the recorded peak levels. For extreme minimum values
where P(L, sLt) is the probability that the extreme minimum water level (L,) is less than or equal to the truncation level (Lt), a = d1.283,P = p+ .45u, and p and u are respectively the mean and standard deviation of the recorded minimum levels.
The Kolmogorov-Smirnov (K-S) goodness-of-fit test was selected to examine the fit of observed frequencies of the variable values against the frequencies predicted by the Gumbel distribution. In all cases the 0.80 confidence level was used to reduce the chances for type
I1
errors.
RESULTS
Lake Sill Elevations
Lake sill elevations for the study area, as determined from the aerial survey technique, range from about 1.5 m as1 up to nearly 6 m as1 (Fig. 4) , with a mean of 3.92 m as1 and a standard deviation of 0.90 m. A comparison of these spring sill elevations with those determined from the summer ground survey shows a good relationship between the two estimates, but there are consistent differences. Typically, the spring sills were 0.25 to 130 m higher than those measured in the summer (Fig. 4) . This is due to the presence of ice and snow dams in the connecting channels.
Low sill lakes have thicker snow/ice dams because they have deeper water in the connecting channels at freeze-up and therefore thicker ice covers in the spring. The snow/iw dams of the higher sill lakes are thinner, being composed only of snow, as the channels were dry at freeze-up. In addition, because the higher sill lakes are flooded later in the season, snow melt generally reduces the thickness of the snow dam before it is over-topped by floodwater. Adjusting for the removal of the snowlice dams gives a mean summer sill level of 3.24 m asl, about 0.68 m lower than in the spring, with a standard deviation of 1.20 m. These data show that delta lakes occur over a continuum of elevations, from near the lowest water levels recorded in this part of the delta up to the levee height of 6 m reported by Mackay (1963) for this area of the delta. This implies that in terms of lake flooding, there is a continuum of hydrologic regimes from the lowest to highest elevation lakes.
Timing of the Spring Rise in Water Levels
Water levels in the Mackenzie River distributary channels begin to rise noticeably in mid-May from their late winter lows, reaching 2 m as1 on 14 May (day 134) on average, 4 m on 26 May (day 146), and in years when the level reaches 6 m asl, it is attained by 3 June (day 154) (Fig. 5) . A remarkable feature of the Mackenzie River water level regime is the consistency of the timing of this spring flood. The standard deviation of the timing decreases from 7 to 3 days as water levels increase from 1.5 to 6.0 m as1 (Fig. 5) latest on 9 June (day 160) in three separate years (1954, 1965, 1978) .
These data demonstrate that the timing of the spring flood peak is very consistent from year to year, occurring within a brief 20-day period that encompasses the latter part of May and early June. However, as will be shown in the following section, the magnitude of the spring flood varies greatly from year to year, and as a result not all lakes are flooded annually. The consistency of the timing of the spring flood wave is related to a number of complex factors. In a general sense, for example, the rapid shift of the large-scale weather systems from winter to summer conditions, the lag time involved in the propagation of the flood wave down the Mackenzie River, and the large size of the Mackenzie basin (1 600 000 km2) (Fig. 2) , where extreme events in one section of the basin are usually moderated by more normal conditions elsewhere, all combine to produce a consistent, rapid rise in water levels in the Mackenzie Delta in late May.
Extreme Levels
As shown in Figure 6 , the spring peak water level is the major hydrologic event of the year, ranging from 4.298 to 7.820 m as1 over the 25-year period of record, with a mean of 5.636 m asl. The mean annual peak water level would flood nearly all of the lakes in the study area (Fig. 4) . The summer peak water levels are considerably lower than the spring peaks, ranging from 3.430 to 1.929 m as1 over the 12-year period of record (Fig. 6) , with a mean of only 2.777 m asl. The variation of the spring peaks is greater than the summer peaks, with an observed standard deviation of 0.766 m, compared to 0.411 m for the summer peaks. The summer extreme low water levels vary from 1.505 to 0.990 m asl, with a mean of 1.231 m as1 (Fig. 6) .
It is interesting to note that about 95 % of all lakes in the study area have sill elevations between the mean maximum and mean minimum East Channel water levels. This suggests that lake sill elevations are in equilibrium with present water levels. The reasons for this are probably related to rates of erosion and sedimentation in the lake-connecting channels and on the channel levees. In addition, since lakes experience a negative water balance between flooding events, lakes with a sill level significantly higher than the mean flood level may not be viable.
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FIG.
6. Return periods of extreme spring and summer peaks and summer lows plotted on Gumbel extreme-value probability paper. This graph may be interpreted as the return period of water levels exceeding or dropping below a given lake sill elevation.
From the probability plots of the extreme water level events shown in Figure 6 , which are generally linear with the K-S test showing no significant difference between the observed and predicted frequencies, it is possible to determine the probability of flooding for lakes of different sill elevations. For example, during the spring flood, lakes with spring sill elevations of less than or equal to approximately 4 m as1 flood annually (67% of all lakes), while the remaining 33 % of the lakes flood during the spring at less than annual intervals. The highest lakes in the study area have spring sill elevations of between 5.5 and 6 m as1 and have flooding return periods of between 2 and 4 years. These lakes represent about 5% of those in the study area. In this area of the delta, there are no lakes that are only rarely flooded. During the summer period, the frequency of flooding is much different. Those lakes with summer sills less than or equal to 2.0 m as1 (20% of all lakes) are flooded during the summer period every year, while lakes with sill levels above 2.0 m as1 flood less than annually during the summer, and the lakes above 3.5 m as1 very rarely flood during the summer.
Since water levels during the summer can fall below 1 m as1 (Fig. 6) , nearly all lakes in the study area can be cut off from the main Mackenzie River channels. Even with a return period of 2 years, the water level can drop to 1.25 m asl, cutting off approximately 90% of the lakes in the study area from the Mackenzie River for at least a brief interval.
During the spring break-up period, Mackenzie Delta lakes store large volumes of water. For example, in the study area the mean lake level rise, using the mean annual spring peak level weighted by lake area in each elevation band, is 3.9 m. Assuming that this is representative of the entire delta, and given the delta area of 12 000 km2 and lake coverage of 25 % (B.C. Hydro, 1985) , the water stored in the delta lakes could represent 25% of the discharge of the Mackenzie River during the 10 May to 10 June period. Though these calculations are rough estimates and may be prone to large errors, they show that the delta lakes may play an important role in controlling main channel water levels during the spring break-up.
Number and Duration of Events
The first event of the summer occurs annually (Fig. 7a) and for a mean duration of about 151 days for spring sill levels of 1 m as1 (Fig. 8a) . For the 5 % of lakes with spring sill levels of 5.5 m as1 the mean number of events per year is only 0.6, with a mean duration of 3 days. For the lowest elevation lakes, the duration is very consistent from year to year, with a standard deviation of only 4 days. In effect, water levels are above 1 m as1 for the entire 1 May to 30 September study period. For higher sill levels, however, the variation from year to year increases rapidly with sill elevation. At 2 m asl, for example, the standard deviation of the duration has increased to 29 days, due primarily to variations in the end of the spring high-water period, which may in some years extend well into the summer period. For lakes with the highest sill levels, the standard deviation decreases to only 2 days at 6.0 m asl, since it is controlled exclusively by the consistent spring event.
Subsequent events occur infrequently at the 1.0 m as1 summer sill level (Fig. 7b) and they are of short duration (Fig.  8b) . This is because the first event covers most of the summer period, leaving only a brief interval during late summer for a second event at the 1 m as1 level. For higher truncations the number of subsequent events increases to a mean of 1.75 per year, with a total duration of 7.8 days at 1.5 m asl, but then both the number of events and their combined durations decrease for higher levels. For the 33% of lakes with summer sills greater than 3.5 m as1 no subsequent events have been observed in 11 years of record. These lakes receive no flood water after the spring break-up period.
Since subsequent events are very brief, the number and duration of all events combined, in daysheason, is very similar to the duration of the first event alone (Figs. 7c and 8c) . In fact, for levels above 3.5 m as1 they are identical (i.e., the first event is the only event of the year).
Lake Inflows
For lakes with a single connecting channel and a sill of 1 m asl, there are an average of 14 inflows over the summer (Fig. 9) . This number decreases rapidly with elevation, until lakes at 3.5 m as1 have only 1.5 inflows per year and those at higher levels (4.5 m and above) have less than 1 inflow per year on average. These inflows are very important, controlling the input of sediment, chemicals, nutrients, and energy to the lakes. Low sill elevation lakes with as many as 14 inflows over the summer would be expected to be very different from those higher sill elevation lakes with only 1 inflow per year. At the lower sill levels the number of inflows varies greatly from year to year. At 2 m asl, for example, the mean is 6.5, with a range of 1-13 and a standard deviation of 3.1. With increasing level the variation decreases, so that at the higher levels the range is 0-1 inflow per year.
Study Lakes
Given the above information on lake flooding versus sill elevation, the flooding statistics for any lake in the region can be determined if the lake sill elevation is known. For example, Table 1 summarizes the flooding statistics for Skidoo, South, and NRC lakes.
South and Skidoo lakes have the same sill elevations, and therefore on average both lakes flood in mid-May (day 138) and remain flooded for much of the summer. For only a brief period during late summer are these lakes cut off from the Mackenzie River. The main difference between these two lakes is the number of inflow events. South Lake averages 13.8 per year, while Skidoo Lake would have fewer inflow events (although the exact number is difficult to determine) because it is connected to a large through-flowing lake system. NRC Lake is higher than both South and Skidoo lakes, and although it is flooded annually in the spring, flooding occurs 9 days later on average than Skidoo or South lakes and the duration of flooding is very short, averaging only 19 days. Once the spring flood has receded, NRC Lake usually is not flooded again that summer ( Table 1) .
Since the flooding regime of NRC Lake is very different from either Skidoo or South Lake, the quantity of nutrients, chemicals, and sediments input to the lake would be expected to be very different as well, resulting in both physical and biological differences between lakes. Unfortunately, little work has been done in this regard. An indication of the variation among different lake types was shown by Marsh and Ferguson (1988) , who found that the mean sedimentation rate in 1987 varied from 1.3 mm for South Lake to 0.5 mm for Skidoo Lake, and only 0.02 mm for NRC Lake. These variations in sedimentation are related to the flooding regime and may have a profound influence on the productivity of these lakes and on the evolution of the delta plain.
DISCUSSION
Mackay (1963) provided a simple system to classify the hydrologic regime of Mackenzie Delta lakes. This system included no-closure, low-closure, and high-closure lakes, with no-closure lakes defined as those that "open out to, are joined with, or are crossed by channels," low-closure lakes those that "tend to flood annually,'' and high-closure those that "flood infrequently'' (Mackay, 1963:133) . This simple system classifies lakes only according to the frequency and duration of flooding. It is not a general lake classification system that accounts for variations in sediment regime or biological productivity, for example.
In order to quantify Mackay's lake classification system, the definition of the lake types was extended as follows:
(1) No-closure lakes are flooded by the main channels for the entire summer period. These are defined as those lakes with sill elevations lower than the one-year return period for summer low water levels.
(2) Low-closure lakes are those that are flooded each spring but are cut off from the main channels for at least a brief period each summer. These are defined as lakes with sill elevations greater than the one-year return period for low water 'Spring sill levels were used to determine the date and return period of the spring flood, while summer sill levels were used to determine all other variables. 'Number of inflows cannot be calculated for Skidoo Lake because it is part of a through-flow lake system. ~ ~ -levels and less than the one-year return period for spring peak water levels.
(3) High-closure lakes are those that are not flooded annually in the spring, and never during the remainder of the summer. These are defined as lakes with a sill elevation greater than the one-year return period of the spring peak water level.
For the study area near Inuvik, and using the above definitions, Figure 6 shows that no-closure lakes are those with a summer sill less than or equal to approximately 1.5 m asl. This elevation represents the one-year return period for summer low water levels. Lakes with lower sills may be cut off from the Mackenzie River, but this does not occur annually. No-closure lakes represent only 12% of the total number of lakes in the study area (Table 2) .
Low-closure lakes have summer sills greater than 1.5 m as1 and less than or equal to 3.5 m asl. This elevation band distinguishes lakes that flood annually during the spring but that may also be cut off from the main channel for at least a brief period during the remainder of the summer (Fig. 6) . These low-closure lakes, which represent approximately 55 % of all lakes, are the most common type in the study area. The average duration of flooding for these lakes ranges from 129 days per season for lakes at 1.5 m as1 to 20 days per season for lakes at 3.5 m as1 ( Table 2) .
The remaining lakes, those with spring sills greater than 4 m asl, are high-closure lakes that flood less than annually during the spring period (Fig. 6 ). In the study area, 33 % of lakes are of this type ( Table 2 ). The frequency of flooding varies between 1 and 4 years, and average flooding duration ranges from 14 days per season for lakes at 4 m as1 to only 0.9 days per season for lakes at 6 m asl.
The principal advantages of this simple lake classification scheme are that it describes the basic properties of the flooding regime of these delta lakes, and based on the visual appearance of the connecting channel and the lake, lakes can be grouped into the three classes using air photos. However, there are also a number of limitations. First, three classes of lakes are not sufficient to adequately describe the large variations in flooding regime, and as a result large variations in regime occur within given classes. For example, in the lowclosure class (approximately 55 % of lakes in the study area), all lakes flood annually in the spring, but the highest lakes seldom flood again during the remainder of the summer, while the lowest lakes are flooded by the Mackenzie River for much of the summer (Table 2 ). This problem could only be overcome by using a classification system with a greater number of classes. A second problem, as mentioned earlier, is that this classification system only classifies lakes by the frequency and duration of flooding. It does not incorporate other features that may be important in controlling the lake environment.
The hydrologic regime of Mackenzie Delta lakes could be significantly altered by changes in the water level regime of the Mackenzie River due to hydro-electric development, climate change, or rising sea level. The high sill elevation lakes would be most sensitive to changes in the spring water level regime, and the low elevation lakes most sensitive to changes in the summer water level regime. For example, if the spring peak levels were decreased by only 0.5 m, 30% of the lakes would change from low-closure to high-closure lakes. In addition, the frequency of flooding would decrease from 1.5 to 2 years for lakes with sills at 5 m as1 and from 4 to 9 years for lakes at 6 m asl. Since the summer water balance of these high-closure lakes is negative (Marsh, 1986a; Marsh and Bigras, 1988) , such a decrease in flood frequency would result in lower lake levels between flooding events. If flooding were sufficiently infrequent, the lakes would dry up. A similar problem occurred in the Peace-Athabasca Delta after the construction of the Bennett Dam (Peace-Athabasca Delta Project Group, 1973) .
CONCLUSIONS
Analysis of 12-25 years of East Channel Mackenzie River water levels allowed the documentation of the relationship between the flooding regime and lake sill elevation. These data showed that there was a large variation in the timing, frequency, and duration of flooding over the 5 m range in lake sill elevations.
A remarkable feature of the hydrologic regime of the Mackenzie River is the dominance and consistency of the spring flood. For example, the peak water level occurs on 3 June on average, with a standard deviation of only 4 days. In addition, the spring peak is always larger than the summer peak, with a mean of 5.636 m asl, compared to only 2.777 m asl.
The return period of lake flooding varies with lake sill elevation. Lakes below 4 m as1 (67% of all lakes) flood annually in the spring, while those above 4 m as1 have a flood frequency of greater than 1 year and less than 4 years. During the summer, water levels are considerably lower, and lakes above 3.5 m as1 (47% of all lakes) do not receive water from the Mackenzie River. Lakes below this elevation flood during the summer for varying periods of time depending on the sill elevation. During the summer period, water levels may drop to about 1.25 m as1 every two years on average. This implies that between 90 and 95 % of all lakes are cut off from the main channel during these brief periods of low water. Data on the return period of lake flooding allowed the lake classification system developed by Mackay (1963) to be quantified. No-, low-, and high-closure lakes were shown to represent 12,55, and 33 % respectively of all lakes in the study area.
Changes in the hydrologic regime of the Mackenzie River, due to hydro-electric development, climate change, or rising sea level, could have dramatic effects on the hydrologic regime of Mackenzie Delta lakes. These effects could include decreased lake flooding and resulting lower lake levels or the drying up of the high sill elevation lakes, as well as changes in the chemical and nutrient inputs to delta lakes. The effect of these changes on the biologic regime are not well known at present.
